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EXECUTIVE SUMMARY AND RECOMMENDATIONS

SUMMARY

In May 1985, Regional Board staff began a water quality monitoring program to
evaluate the effects of subsurface agricultural drainage on the water quality of
the drains in the Grassland Area of western Merced County. The purpose of this
monitoring program was to compile an on-going database for selected inorganic
constituents found in the agricultural drains discharging to and flowing through
the Grassland Area. This database will be used in the development and evaluation
of future agricultural drainage reduction programs in the San Joagquin River
Basin. Reports on this water quality survey have already been prepared and
approved by the Board for May 1985 through September .1989. The current report
covers October 1989 through September 1990, a time period which includes
critically dry Water Year 1990, and provides a long-term data base for assessing
the effects of future regulatory actions.

Agricultural Tlands east, west, and south of the Grassiand Area discharge
subsurface agricultural drainage water (tile drainage) and surface runoff
(irrigation tailwater) to the Grassland Area. This drainage often contains high
concentrations of salts, selenjum, and other trace elements. This regional
drainage flows north through the Grassland Area where it is carried by a network
of canals which can divert water in a number of possible ways before it reaches
Mud Slough (north) or Salt Slough and ultimately the San Joaquin River. A water
quality monitoring network was established to ensure measurement of inflows to
the Grassland Area, internal flows within the Grassland, and outflows to the San
Joaquin River.

The current study shows that water quality continues to vary widely with the
highest constituent concentrations found at the inflow monitoring stations near
the southern boundary of the study area. This inflow water is generally a blend
of subsurface tile drainage and surface runoff (tailwater) or operational spills
from irrigation canals. Four of these inflow points carry & substantial portion
of subsurface drainage water. The highest concentrations at these four sites
likely reflect a greater proportion of tile drainage in the flow and not
necessarily the quality of subsurface drainage being discharged at the tile
drainage sumps. The sites inflowing from the south and southeast continue to
carry the highest concentrations of salts, boron, and selenium. Other inflows
contain little selenjum; however, elevated levels of salt and boron are present.
For example, the median values for selenium at the four major southern inflow
points ranged from 52 to 84 ug/L while other inflow points showed selenium
values ranging from 2.3 to 54 ug/L. For boron however, the four drains
carrying the high selenium water showed median boron values ranging from 3.5 to
7.5 mg/L while the other inflow drains that have low selenium values showed
median boron values ranging from 0.3 to 8.4 mg/L.

Concentration at the internal flow and outflow wmonitoring stations were
- comparable to each other and were substantially lower than the southern inflows.
The water quality reflects the amount of mixing and dilution that takes place as
drainage water moves through the Grassland Area. The flows are strongly
regulated by an extensive system of man-made structures, and trends in water
quality are difficult to identify.






The two main outflows, Mud Siough (north) and Salt Slough, were monitored during
the study. These sites represent water quality of the blended drainage flowing
from the Grassland Area to the San Jodquin River. The quality of both sloughs
varied widely depending upon which slough was carrying the greatest portion of
subsurface tile drainage water. The median selenium concentration for Salt
STough was higher than that of Mud Slough although a wide range of variability
was detected. For example, Salt Slough selenium concentrations ranged from 3.6
to 36 ug/L with a median of 15 pg/l.. Mud Slough showed a similar variability
with a median selenium value of 5.1 pg/lL. Concentrations for all the drains and
sloughs were routinely higher during the critical Water Years 1987-90 than they
were during the wet Water Year 1986. Seasonal variations in constituent
concentrations occurred in Water Year 1990 in a manner similar to the previous
four Water Years, with the highest levels occurring during the non-irrigation
season (October to March).

Water quality objectives for selenium, molybdenum and boron have been adopted by
the Central Valley Regional Board and approved by the State Water Resources
Control Board for both Mud Slough (north) and Salt Slough. Compliance for the
objectives is set for 1993. Milestones have been incliuded for selenium for WYs
90, 91 and 92 to evaluate progress toward meeting the objective.

During WY 90, the 1993 monthly mean molybdenum objective (19 ug/L) was only
exceeded on one occasion in Mud Slough and was not exceeded at any time in Salt
Slough. In contrast, the 1993 mean monthly boron objective (2.0 mg/L) was
consistently exceeded in both sloughs during WY 90.

The selenium milestone for WY 90 (20 ug/L) was exceeded between January and June
1990 in Salt Slough with the maximum monthly mean reaching 29 pg/L. Mud Siough
did not exceed the 1990 milestone for selenium during WY 90.

The upcoming 1993 water quality objective for selenium (10 pg/L) was exceed
during WY 90 by both Mud Slough (north) and Salt Slough. Continuing drought
conditions during WY 91 may increase difficulties in meeting future milestones
and objectives for both sloughs.

The monthly mean concentrations of boron, molybdenum, and se]en1um will continue
to be reviewed in future water years.

RECOMMENDATIONS

1. In cooperation with other agencies and dischargers, continue water quality
monitoring at the inflow points to the Grassland Area in order to expand the
database needed to evaluate the effectiveness of the drainage reduction
programs being developed for the Western San Joaguin Valley;

2. Reduce or eliminate the internal flow stations within the Grassiand Area as
operation and management play a major role in their water quality;

3. In cooperation with other agencies, ensure continued water quality and flow
monitoring at the two main outflow stations (Mud Stough (north) and Salt
Slough) to the San Joaguin River;

4. Continuous flow monitoring equipment should be installed on the four main
inflow drains to the South Grassland Area which are not presently gauged to
aid evaluation of future agricultural drainage reduction programs in the San
Joaquin River Basin.






INTROBUCTION

The Agricultural Unit of the Central Valley Regional Water Quality Control Board
(Regional Board) initiated a water quality monitoring program in May of 1985 to
evaluate the effects of subsurface agricultural drainage on the water guality of
the drains in the Grassland Area in western Merced County. The study area is
located west of the San Joaquin River between Newman and Oro Loma, California
 {Figure 1). The purpose of this monitoring program was to compile an on-going
database for selected inorganic constituents found in the agricultural drains
discharging to and flowing through the Grassland Area. This database will be
used in the development and evaluation of an agricultural drainage reduction
program in the San Joaquin River Basin. This report contains laboratory results
and a brief summary of the water quality analysis for samples collected from
October 1989 through September 1990. Three previous reports (James et al., 1988,
Chilcott et al., 1989, and Westcot et al., 1990) present data for the period May
1985 through September 1989. This report is a discussion of the entire Water
Year {(WY) 90 which extends from October 1, 1989 through September 30, 1990.

STUDY AREA

The Grassland Area is comprised of the Northern and Southern Divisions of the
Grassland Water District and the farmlands adjacent to the District (Figure 1).
Land in this area is primarily used for agriculture and seasonal wetlands for
wildlife.

Agricultural  lands east, west, and south of the Grasstand Area discharge
subsurface agricultural drainage water (tile drainage) and surface runoff
(irrigation tailwater) to the Grassland Area. This drainage often contains high
concentrations of salts, selenium, and other trace elements. This regional
drainage flows north through the Grassland Area where it is carried by a network
of canals which can divert water in a number of possible ways before it reaches
Mud Slough (north) or Salt Slough and ultimately the San Joaquin River.

There were 32 stations in the Grassland monitoring program as described by James
et al., 1988. They were divided into three categories: inflows to, internal
Tlows within, and outflows from the Grassland Area. Inflow monitoring stations
were located on drains that discharge into the Grassiand area and are mainly -
located at the southern end of the study area. Monitoring stations on the
internal flow canals were located on drains within the Grassland Area that carry
or could carry subsurface tile drainage as it passes through the area before
discharging to the San Joaquin River. OQutflow monitoring stations were Tocated
where drains or natural waterways flow out of the Grassland Area. Many of the
internal flow stations described by James et al. (1988), have been dropped from
the monitoring program due to the large effect management plays in their water
quality. The present report concentrates on the inflow and outflow stations.
A Tist of the monitoring stations is shown in Table 1. Stations which have
continuous data from May 1985 through September 1990 have been highlighted. The
remaining stations were dropped from the monitoring program prior to October 1989
with the corresponding data reported in James et al. 1988, Chilcott et al., 1989
and Westcot et al., 1990. In this study, there are 11 inflow, 2 internal flow,
and 4 outflow monitoring stations. The two internal flow stations are maintained
to assess the approximate concentration of selenium in the two main water supply
source canals to the Grassland Area. Table 1 also identifies the map index
~.number for each site as shown on the location map in Figure 2.
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Table 1. Water Quality Monitoring Sites in the Grassiand Area
{adapted from James et al., 1988 and Chilcott et al., 1989).

Map Index RWOCB Site I.D. Site Name Site Type
I-1 MERS356 Main (Firebangh) Drain @ Rassell Inflow
12 MERS01 Panoche Drain Inflow
I3 MERS52 Agatha Inlet (Mercy Springs) Drain Inflow
14 MERS5{6 Agpatha Canal Inflow
I-5 MERS07 Helm Canal Inflow
1-6 MERS(4 Hamburg Drain Inflow
I-7 MERS(5 Camp 13 Slough Inflow
I-8 MERS502 Charleston Drain Inflow
19 MERS355 Almond Drive Drain Inflow

I-10 MERS509 Rice Drain Inflow
I-11 MER521 Boundary Drain Inflow
I-12 MERS28 Salt Slough Ditch @ Hereford Road Inflow
I-13 MER513 Garzas Creek @ Hunt Road Inflow
T-1 MERS31) CCID Main @ Russell Avenue Internal Flow
T-2 MERS511 CCID Main @ Almond Drive Internal Flow
T-3 MERS512 CCID Main @ Gun Club Road Internal Flow
T4 MERS540 Santa Fe Canal @ HWY 152 Internal Flow
T-3 MERS519 Santa Fe Canal @ Henry Milier Rd. Internal Flow
T-6 MERS517 Santa Fe Canal @ Gun Club Rd. Internal Flow
T-7 MER527 San Luis Canal @ HWY 152 Internal Flow
T-8 MER514 Los Banos Creek @ Gun Club Rd. Internal Flow
T-9 MERS518 Eagle Ditch Internal Flow
T-10 MER516 Mud Siough (North) @ Gun Club Rd. Intemnal Flow
T-11 MERS515 Freemont Canal @ Gun Club Rd. Internal Flow
T-12 MERS553 Gustine Sewage Treatment Plant Ditch Internal Flow
0-1 MERS551 Mud Siough (N} @ Newman Gun Club Outflow
0-2 MERS541 Mud Slough (N) @ HWY 140 Outflow
03 MERS554 Los Banos Creek @ HWY 140 Outflow
0-4 MERS531 Salt Slough @ Lander Avenue Ouiflow
0-5 MERS30 Salt Slough @ Wolfsen Road Outflow
0-6 MERS543 City Ditch Qutflow
0-7 MERS48 Santa Fe Canal-Mud Slough Diversion Outflow

Bold print indicates that site has data for WY 90

METHODS

The frequency of sample collection for this phase of the monitoring program
varied, but generally grab samples were callected during the first week of each
month and were analyzed for total recoverable selenium, boron, chloride, sulfate,
hardness and electrical conductivity (EC). Because of the continued drought
conditions throughout WY 90, weekly sampling was conducted at outflow sites 0-2
and 0-4 (Table 1). Selected inflow and outflow monitoring sites were also
sampled for total recoverable copper, chromium, lead, molybdenum, nickel, and
zinc. Water temperature, pH, EC, and sample time were recorded in the field for
each site. ATl samples were collected in polyethylene bottles. ATl the selenium
and trace element sample bottles were washed and acid rinsed in the laboratory
prior to use. All sample bottles were rinsed three times with the water to be
sampled prior to sample collection. Selenium and trace element samples were
preserved by Towering the pH to Tess than 2 using ultra-pure nitric acid fixation
techniques. A1l samples were kept on ice until preservation or submittal to the
laboratory.



Table 1. Water Quality Monitoring Sites in the Grassland Area
(adapted from James et al., 1988 and Chilcott et al., 1989).

Map Index RWQCB Site LD. Site Name Site Type
I-1 MERS56 Main (Firebaugh) Drain @ Russell Inflow
I-2 MERS501 Panoche Drain Inflow
I3 MERS552 Agatha Inlet (Mercy Springs} Drain Inflow
1-4 MERS506 Agatha Canal Inflow
-5 MER35(7 Heim Canal Inflow
I-6 MERS504 Hamburg Drain Inflow
7 MERS05 Camp 13 Slongh Inflow
1-8 MERS502 Charleston Drain Inflow
I9 MERS55 Almond Drive Drain Inflow

I-10 MERS09 Rice Drain Inflow
I-11 MERS521 Boundary Drain Inflow
I-12 MERS528 Salt Slough Ditch @ Hereford Road Inflow
I-13 MERS513 Garzas Creek @ Hunt Road Inflow
T-1 MERS10 CCID Main @ Russell Avenue Internal Flow
T-2 MERS11 CCID Main @ Almond Drive Internal Flow
T-3 MERS512 CCID Main @ Gun Club Road Internal Flow
T-4 MERS540 Santa Fe Canal @ HWY 152 Internal Flow
T-5 MERS519 Santa Fe Canal @ Henry Miller Rd. Internal Flow
T-6 MERS17 Santa Fe Canal @ Gun Club Rd. Internal Flow
T-7 MER527 San Luis Canal @ HWY 152 Internal Flow
T-8 MER514 Los Banos Creek @ Gun Club Rd. Internal Flow
T-9 MERS518 Eagle Ditch Internal Flow
T-10 MERS16 Mud Slough (North) @ Gun Club Rd. Internal Flow
T-11 MERS515 Freemont Canal @ Gun Club Rd. Internal Flow
T-12 MERS53 Gustine Sewage Treatment Plant Ditch Internal Flow
0-1 MERS551 Mud Slough (N) @ Newman Gun Club Outflow
0-2 MERS541 Mud Slough (N) @ HWY 140 Outflow
0-3 MERS54 Los Banos Creek @ HWY 140 Outflow
0-4 MERS531 Salt Slough @ Lander Avenue Outflow
0-5 MERS530 Salt Slough @ Wolfsen Road Outflow
0-6 MERS543 City Ditch Outflow
0-7 MER 348 Santa Fe Canal-Mud Slough Diversion Outflow

Bold print indicates that site has data for WY 90

METHODS

The frequency of sample collection for this phase of the monitoring program
varied, but generally grab samples were collected during the first week of each
month and were analyzed for total recoverable selenium, boron, chloride, sulfate,
hardness and electrical conductivity (EC). Because of the continued drought
conditions throughout WY 90, weekly sampling was conducted at outfliow sites 0-2
and 0-4 (Table 1). Selected inflow and outflow monitoring sites were also
sampled for total recoverable copper, chromium, lead, molybdenum, nickel, and
zinc. Water temperature, pH, EC, and sample time were recorded in the field for
each site. A1l samples were collected in polyethylene bottles. A1l the selenium
and trace element sample bottles were washed and acid rinsed in the Taboratory
prior to use. A1l sample bottles were rinsed three times with the water to be
sampled prior to sample collection. Selenium and trace element samples were
preserved by lowering the pH to less than 2 using ultra-pure nitric acid fixation
techniques. A1l samples were kept on ice until preservation or submittal to the
laboratory.






A quality control and quality assurance program was conducted utilizing spike and
duplicate samples in the laboratory. In addition, blind replicate samples were
collected at 10 percent of the sites, and 50 percent of the blind replicates were
spiked for laboratory quality assurance. Reported results fall within quality
assurance tolerance guidelines outlined in Regional Board laboratory quality
control files.

RESULTS

Following the trend described in James et al. (1988), Chilcott et al. (1989) and

Westcot et al. (1990), the highest concentrations of the measured constituents
were found at the inflow monitoring stations near the southern boundary of the
study area. Concentrations at the internal flow and outflow monitoring stations
were comparable to each other and were substantially lower than the southern
inflows. Water quality analysis results at the inflow, internal flow, and
outflow monitoring stations will be discussed separately.

Water quality results for both minerals and trace elements are listed by site in
Appendices A through C;  Grassland inflows (Appendix A), dnternal flows
(Appendix B), and outflows (Appendix C). The ranges and median values for each
measured constituent at each site are also shown in these appendices. For this
study, electrical conductivity (EC) represented relative salinity, while boron,
chloride, and sulfate were the primary mineral constituents of concern. Selenium
and molybdenum were the primary trace elements of concern. The median mineral
and trace element values at each inflow monitoring station are 1isted in Tahle 2
for WY 90 (October 1989 through September 1990).

Minerals
Inf1ow'Monitor1ng Stations:

The inflow monitoring stations represent the quality of the agricultural drainage
entering the Grassland Area as described in James et al. (1988). The first nine
monitoring stations (I-1 to I-10) Tisted in Table 2 represent inflow into the
South Grassland Area. The remaining two inflow stations (I-11 to I-12) either
discharge to sloughs or the North Grassland Area (Figure 2).

Continuing the trend found in James et al. (1988), Chilcott et al. (1989), and
Westcot et al. (1990), the inflows that carry a substantial portion of subsurface
drainage water, the Main (Firebaugh) (I-1), Panoche (I-2), Agatha Inlet (Mercy
Springs) (1-3), Hamburg (I-6), and Charleston Drains {I-8), had elevated salinity
levels. The Agatha Inlet had the highest median EC (4910 umhos/cm) and boron
(8.4 mg/L) values. The highest median chloride concentration (720 mg/L) occurred
in the Hamburg Drain. The Panoche, Agatha Inlet, Hamburg and Charleston Drains
had median sulfate values of 1400 mg/L, while the Main Drain had a median sulfate
value of 1200 mg/L.

Internal Flow Monitoring Stations:

The internal flow monitoring stations were located on drains that carry or could
carry subsurface agricultural drainage as it passes through the Grassland Area
as described in James et al. (1988). Only two of the original internal flow
monitoring statijons, the CCID Main at Russell Avenue (T-1) and the San Luis Canal
at Highway 152 (T-7), were monitored during WY 90. These two stations represent
concentrations in the main water supply source canals to the Grassland Area.
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The median EC, boron, chloride, and sulfate values recorded during this study for
each of the interna1 Tlow monitoring stations are Tisted in Table 2.

Qutflow Monitoring Stations:

Mud Slough (north) and Salt Slough are the only two tributaries to the San
Joaquin River which drain the Grassland Area and are described in detail by James
et al. (1988), Pierson et al. (198%a and 1989h}. Mud Slough (north) at Highway
140 (0-2) and Salt Slough at Lander Avenue (0-4) are the principal stations in
this monitoring program. These two sloughs best represents the water quality of
the drainage leaving the Grassland Area. Los Banos Creek at Hwy 140 (0-3) drains
into Mud Siough (north) upstream of the San Joaquin River. Mud Siough at Newman
Gun Club (0-1) represents the combined quality of Mud Slough (north) and Los
Banos Creek. During this study, Mud STough (north) at Highway 140 had EC values
ranging from 990 to 8940 pmhos/cm with a median of 3060 umhos/cm. Boron at this

site ranged from 0.60 to 5.8 mg/L with a median value of 3.4 mg/L.

Salt Slough at Lander Avenue (0-4) is the last monitoring station before Salt
Slough discharges to the San Joaquin River. During this study, Salt Slough at
Lander Avenue had EC values ranging from 1210 to 4050 #mhos/cm with a median
value of 2335 pmhos/cm, and boron values ranging from 0.75 to 3.7 mg/L with a
median of 2.3 mg/L (Appendix C). As seen in WY 1989 (Westcot et al., 1990), EC
and boron concentrations at this site were less variable than in previous WYs
because of the continuous use of this slough to divert drainage to the San
Joaquin River. Concentrations at this site are generally lower than the South
Grassland inflow monitoring stations due to additional dilution that occurs as
the drainage water moves further downstream within the Grassland Area. Median
concentrations for salinity and boron were lower in Salt Slough than in Mud
Stough {north).

Trace Elements

Although selenium was monitored at every site and molybdenum at a majority of
sites, analyses of additional trace elements were Timited based on the overall
low concentrations found by James et al. (1988). Total recoverahle selenium,
molybdenum, copper, chromium, lead, nickel, and zinc are listed in Appendices A
through C for inflow, internal flow, and outflow monitoring stations,
respectively. The ranges and median concentrations for each measured trace
element constituent at each monitoring station are also Tisted in these
appendices. The median trace element concentrations at each of the stations for
WY 90 are tabulated in Table 2.

Inf1ow_M0nitoring Stations:

The highest median trace element concentrations occurred at the South GrassTand
inflow stations (I~1 to I-10), where the median selenium values ranged from 2.3 pg/L
at Almond Drive Drain (I-9) to 84 ug/L at Hamburg Drain (I-6). The Main (I-1),
Panoche (I-2), Hamburg (I-6), and Charleston (I-8) Drains had high median
selenium concentrations; however, as with salinity and boron discussed eariier,
the concentrations are highly dependent upon the amount of dilution water in the
canal or drain at the time of sampling. Due to the continued drought, total
recoverable selenium concentrations have been found in excess of 100 pg/L at the







Main Drain {1 time), Charleston Drain (2 times), Hamburg Drain (2 times), and
Panoche Drain (4 times}, indicating that 1ittle surface runoff was available for -
dilution at that time. These higher concentrations occurred primarily during the
non-irrigation season (October - March) when drainage flows were very low and
dilution water was scarce. Inflow sites which carry drainage from Sierra Nevada
deposits (Rice Drain, Boundary Drain and Salt Slough at Hereford) continue to
contain the lowest median selenium concentrations.

The Main Drain (I-1) and Rice Drain (I-10) had the highest median molybdenum
concentrations at 24 ug/L and 16 pg/L, respectively. The remaining inflow
drains had median molybdenum concentrations ranging from 5 ug/L to 9 ug/L.

In addition to selenium and molybdenum, copper, chromium, nickel, lead and zinc
were analyzed at the four major subsurface drainage inflows (Main, Panoche,
Hamburg and Charleston Drains). Only chromium appears consistently elevated with
median values ranging from 14 ug/L to 32 pg/L (Table 2).

Internal Flow Moniforing Stations:

Selenium was the only trace element measured at both internal flow monitoring
stations. From October 1989 through September 1990, CCID Main Canal at Russell
Avenue (T-1) had selenium concentrations ranging from 0.7 pg/L to 76 upg/L with
a median concentration of 2.3 pug/L. During the same period, selenium
concentrations at San Luis Canal at Hwy 152 (T-7) ranged from 0.7 pg/L to 3.9
#g/L with a median concentration of 2.5 ug/L.

Qutflow Monitoring Stations:

Selenium was monitored at all four outflow stations, molybdenum was monitored at
three stations (0-1, 0-2 and 0-4), and copper, chromium, nickel, Tead, and zinc
were monitored at two outflow stations {0-2 and 0-4) on a limited basis. The
median trace element concentrations detected during this study are tabulated in
Table 2.

The outflow monitoring stations, as mentioned earlier, are related to one of two
tributaries of the San Joaquin River; the outflow through Salt Slough (site 0-4)
and those that outflow through Mud Stough (north), (sites 0-1 through 0-3) as
described in James et al. (1988).

Selenium cencentrations at the furthest downstream monitoring station on Salt
Slough at Lander Avenue (0-4), ranged from 3.6 to 36 ug/L with a median of
15 pg/L.

SeTenium concentrations at Mud Slough (north) at Highway 140 (0-2) ranged from
0.9 to 31 pg/L with a median of 5.1 pg/L. Los Banos Creek flows into Mud Slough
(north) downstream of the Highway 140 monitoring station and it has a diluting
effect on the STough with respect to selenium as measured at the Newman Land and
Cattle Company station (0-1). Los Banos Creek receives its flow from the western
portion of the North Grassiand Area and from areas west of the study area. The
creek receives Tittle subsurface drainage. In WY 90, selenium concentrations
range from 0.4 to 2.0 ug/L with a median of 0.8 pg/L at the Los Banos Creek at
Highway 140 station (0-3). The downstream Mud STough (north) station (0-1) had
lower selenjum concentrations than site 0-2 with values ranging from 0.6 to 8.1 ug/L
and a median of 4.3 pug/L.
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DISCUSSION

The current study shows that water quality within the Grassland Area continues
to vary widely with the highest constituent concentrations found at the inflow
monitoring stations near the southern border of the study area. This inflow water
is generally a biend of subsurface tile drainage and surface runoff (tailwater)
or operaticnal spills from irrigation canals. Four of these inflow points (I-1,
[-2, I-6, and I-8) carry a substantial portion of subsurface drainage water. The
highest concentrations at these four sites 1ikely reflect a greater proportion
of tile drainage in the flow and not necessarily the quality of subsurface
drainage being discharged at the tile drainage sumps. The sites inflowing from
the south and southeast continue to carry the highest concentrations of salts,
boron, and selenium. Other inflows contain little selenium, however elevated
levels of salt and boron are present. For -example, the median values for
selenium at the four major southern inflow points ranged from 52 to 84 ug/L
while other southern inflow points showed median selenium values ranging from 2.3
to 54 pug/L. The three canals which carry drainage from Sierran deposits (I-10,
I-11 and I-12) continue to show the lowest selenium concentrations with medians
ranging from 0.6 pg/L to 2.7 ug/L. For boron, however, the four drains
carrying the high selenium water showed median boron values ranging from 3.7 to
7.5 mg/L while the other inflow drains that have low selenium values showed
median boron values ranging from 0.3 to 8.4 mg/L.

Concentration at the internal flow and outflow monitoring stations were
comparable to each other and were substantially lower than the southern inflows.
The water quality reflects the amount of mixing and dilution that takes place as
drainage water moves through the Grassland Area. The flows are strongly
regufated by an extensive system of man-made structures and trends in water
quality are difficult to identify.

Data for this study inciudes information for Water Year 1990 (WY 90). WY 90 is
the fourth consecutive critically dry water year. Tabulated in Table 3 are
median constituent concentrations by water year for all the study monitoring
sites since 1985. Median concentrations were listed for WY 85 where available,
however the 1985 data set may be incomplete for some locations. Concentrations
for all the drains and sloughs were routinely higher during the critically dry
Water Years 1987-90 than during the wet Water Year 1986. The elevated
concentrations may be due in part to increased influence of the shallow
groundwater as well as a decrease in dilution from irrigation spill water or tail
water runoff. The decrease in irrigation spill water or tail water may be due to
more efficient use of limited supply water.

The few exceptions to the general increase in concentrations are the Agatha
Canal, Charleston Drain, Almond Drive Drain, Rice Drain, Boundary Drain, and Los
Banos Creek at Hwy 140. At various times of the year, the Agatha Canal can carry
agricultural drainage (subsurface and tailwater), supply water (purchase and
operational spill), or a mixture of the two. The Charleston Drain carries a
substantial percent of subsurface agricultural drainage from the southwest
portion of the study area. The Almond Drive Drain can also carry a mixture of
agricultural drainage and supply water resulting in large variations of water
quality. The Rice Drain and Boundary Drain provide inflow to the eastern portion
of the study area and primarily drain Sierran deposits. Los Banos Creek is a
natural stream channel which drains the coastal foothills but carries a
substantial portion of tailwater and operational spill water. The lower observed
concentrations during the critical water years have not been explained.
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Table 3. Median Constituent Concentrations for Grassland Azea Drains During Water Yeurs 85, 86, 87, 88, 89 and 90

(Data for WY's 85, 86, and 87 from James et al., 1988, and for WY 88 from Chilcott et, al., 1985),

Median Constituent Concentrations

Map |[Monitoring Site umhos/cm mg/L ug/L.
1D Water Year EC B Cl S04 Se Mo Cr Cu Ni Pb Zn
I-1 |Main (Fircbaugh) Drain
@ Russell
Dry WY 85, 2400 3.2 230 693 35 - - - - - -
Wet WY 861 2700 3.3 250 900 46 14 16 9 27 - 14
Critical WY 87| 2600 34 270 630 42 g 19 9 22 - 28
Critical WY 88| 3000 3.6 320 790 49 10 22 12 2 <5 20
Critical WY 89| 2080 39 115 835 49 13 17 g 19 <5 23
Critical WY 90| 3400 4.6 370 1200 | 52 24 10 5 11 <5 13
I-2 |Panoche Drain/fOBanion
Dry WY B85} 3500 6.5 4560 985 38 3 - - - - -
Wer WY 86 3400 5.8 390 800 56 6.1 26 55 15 - 15
Critical WY 87 4375 7.8 550 1075 | 47 2.5 40 10 13 - 18
Critical WY 88] 3650 6.4 440 390 54 3 43 12 21 <5 29
Critical WY 89| 4180 65 520 1000 | 69 6 32 5 8.0 <5 11
Critical WY 90| 4550 7.5 665 1400 ¢+ 72 8 32 4 9 <5 10
1.3 {Mercy Springs Drain
(Agatha Inlet Drain)
Dry WY 85 - - - - - - - - - - -
Wet WY B6| 3300 7.2 360 1000 14 10 7 5 13 = 10
Critical WY 87] 3125 7.0 302 300 6 16 5 3 7 - 3
Critical WY 88 4150 g8 540 1300 | 7.9 39 10 5 15 12
Critical WY 89 3635 7.6 435 895 6.7 - - - - - -
Critical WY 90| 4910 84 640 1400 | 7.9 - - - - - -
14 |Agatha Canal
Dry WY 85| 2600 49 315 1100 | 26 1 -- - - - -
Wet WY 86| 3300 5.6 400 900 44 <5 13 9 21 - 16
Critical WY 87] 3305 5.6 410 760 38 6 22 1 12 - 12
Critical WY 88 3550 5.6 430 895 19 3 - - - - -
Critical WY 89| 880 0.36 130 100 29 2 - - - - -
Critical WY 90| 4040 6.6 480 1100 | 28 8 - - - - -
1-6 |Hamburg Drain
Dry WY 83| 3200 1.8 435 900 47 6 - - - - -
Wet WY 86| 3250 4.0 400 1000 | 51 4 13 3 1 - 13
Critical WY 87 3345 7 420 925 58 <5 17 5 8 — 10
Critical WY 88 3600 4.1 450 1050 | 36 4.5 11 5 <5 <5 6
Critical WY BY 5120 5.7 660 1500 | 95 5 16 2 <5 <5 6
Critical WY 90 4740 54 720 1400 | 84 3 14 1 <5 <5 6
I-7 |Camp 13 Slough
Dry WY 85| 2550 34 280 745 32 4 -- - - - -
Wet WY 86 20950 3.5 375 905 43 <5 14 7 20 - 16
Criticai WY 87| 2650 3.7 280 590 43 6 30 11 13 - 19
Critical WY 88 4400 6.2 500 1050 | 43 4 - - - - -
Critical WY 89 3750 52 440 940 39 8 - - - - -
Critical WY 90| 3440 49 455 1610 | 34 9 - - - - -
I-8 |Charleston Drain
Dry WY 85| 3900 2.6 395 1275 | 48 - - - - - -
Wet WY 86] 4300 4.7 510 1580 | 93 79 9 10 14 - 18
Critical WY 87| 3835 42 480 1035 | 70 2 32 12 22 - 50
Critical WY 88{ 4450 45 320 13004 N1 3 31 13 27 - 47
Critical WY 89| 4400 38 520 1400 | 66 3 25 12 17 <5 33
Critical WY 90| 4350 3.7 525 1400 | 69 6 14 3 8 <5 17
I-9 |Almoend Drive Drain
Dry WY 83| 1520 1.6 160 340 2 - - - - - -
Wer WY 86 - - - - - - . - - - -
Critical WY 87| 1925 2.1 224 395 48 45 28 11 21 - 25
Critical WY 88 2300 2.1 230 460 4.6 - 18 7 13 - 15
Critical WY 89 2160 2.2 150 420 3.7 - - - - - -
Critical WY 90 1320 091 155 220 23 - - - - - -
1-10 |Rice Drain
Dry WY 85| 2450 57 245 715 2.5 - - - - - -
Wet WY 861 3300 8.1 350 1080 3 14 5 6 23 - 13
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Table 3 cont. Median Constituent Concentrations for Grassland Area Drains During Water Years 83, 86, 87, 88, 89 and 90
(Data for WY's 85. 86, and 87 from James et al., 1988, and for WY 88 from Chilcott et. al., 1989},

Median Constituent Concenirations

Map |Monitoring Site umbhos/cm mg/L ug/L
1D Watcr Year, EC B Cl S04 Se Mo Cr Cu Ni Pb Zn
I-10 |Rice Drain, cont'd
Critical WY 87| 2500 6.1 260 550 2.6 11 3 3 6 - <1

Critical WY 88| 2790 51 310 700 | 26 15 - - - - -
Critical WY 80 2745 34 280 673 3.1 14 - - - - -
Critical WY 60| 3050 54 350 855 2.7 16 - - - - -

F-11 |Boundary Drain

Dry WY 85] 1090 0.45 195 135 1

Wet WY 86| 1710 0.65 250 210 1 6 2 7 9 - 14
Critical WY 87{ 1250 0.54 200 145 1.6 4 <1 2 <5 - 3
Critical WY 88 1470 0.50 230 180 14 6 - - - - -
Critical WY 89| 1435 (.53 240 190 1.0 - - - - - -
Critical WY 90| 1500 044 250 175 09 - - - - - -
I-12 |Salt Siough @ Hereford
Dry WY 85| 830 037 120 100 1 - - - - - -
Wet WY 86] 785 0.33 100 oG 1 <5 3 5 9 - 22
Crtical WY 87| 1000 039 130 120 1.4 3 1 2 <3 - 2
Critical WY 88 1150 0.38 160 140 1.2 3 - - - - -
Critical WY 89 1070 0.36 160 140 1.2 - - -- - - -
Crtical WY 90| 1030 0.30 160 110 0.6 - - - - - -
T-1 |CCID Main Canal @ Russell
Dry WY 85| 430 0.21 72 35 <1 - - - - - -
Wet WY B6| 385 0.21 53 47 1.3 <5 3 3 5 - 8
Critical WY 87| 570 0.28 65 58 22 <5 1 3 <5 - 3
Critical WY 88| 760 0.29 120 65 1.7 - - - - - -
Critical WY 89| 700 0.26 94 68 1.7 - - - - - -
Critical WY 90| &80 032 120 93 2.3 - - - - -- -
T-7 {San Luis Canal @ HWY 152
Dry WY 85| 15350 1.4 180 205 4.5 - - - - - -
Wet WY 86) 1200 1.4 130 200 2 <5 4 4 10 - 9
Critical WY 87 2630 34 260 520 4 <5 3 3 <5 - 7
Critical WY 88} 2550 3.6 280 570 39 - - - - <5 -
Critical WY 89} 1045 0.76 135 140 2.5 - - - - - -
Critical WY 90 1400 1.7 180 270 2.5 - - - - - -
0-1 |Mud Slough @ NGC
Dry WY 85 - — — - -- - - - - - —-
Wet WY 86 1800 2.0 215 330 4 5 g 3 11 - 15
Critical WY 87| 2600 24 300 420 3.1 13 7 4 10 - 1

Critical WY 88| 2480 22 330 440 4.7 -- -- - - -~ -
Criticddl WY 89 2310 1.7 325 385 2.1 -- -- - - - -
Critical WY 90 2480 2.1 335 510 43 10 - .- - - -

0-2 |Mud Slough @ HWY 140

Dry WY B3| 2600 3.1 305 525 13 -- -- -- - - -
Wer WY 86| 2300 3.0 280 630 8.5 8 6 5

Critcal WY 87 2600 3.0 320 540 17 9 12 9 11 - 7

Critical WY 88| 2820 2.7 350 510 93 11 -- -- --
Critical WY 89) 3000 24 425 480 2.1 11 D5 4.0 <5 115 120
Critical WY 60| 3060 34 410 390 3.2 12 6 2 8 <5 7

0-3 {Los Banos Creck @ HWY 140

Dry WY 85 - -
Wet WY 86] 2200 23 430 300 1 <5 6 8 18 -- 17

Critical WY 87| 1855 1.6 215 215 14 - -- -- - -- -

Critical WY 88] 1690 1.2 230 210 1.1 - -- -- - -- --
Critical WY 89| 1630 1.0 240 200 0.9 -- - -- “- - -
Critical WY 90 1870 1.2 210 290 0.8 - - - - - -

0O-4 |Salt Slough @ Lander Ave.

Dry WY 85 1250 0.96 185 195 4.5 -
Wet WY 86| 1610 1.3 240 245 7.4 7 6 12 - 18

Critical WY 87| 1720 1.7 250 350 12 6 4 6 -- 4

Critical WY B8 1940 1.9 260 385 13 6 - -- - -- -
Critical WY 89 2040 1.9 270 430 15 6 128 58 13 116 184
Critical WY 90 2340 2.3 340 525 15 7 10 4 9 <5 15

Water Years (WY) run from 1 October through 30 September.
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The two main outflows, Mud STough (north) and Salt Slough were monitored during
the study. These sites represent water quality of the blended drainage flowing
from the Grassland Area to the San Joaquin River. The quality of both sloughs
varied widely depending upon which slough was carrying the greatest portion of
subsurface tile drainage water. During WY 90, Salt Slough appeared to carry the
greatest portion of subsurface tile drainage water based on elevated selenium
concentrations. The median selenium concentration in Salt Slough (15 pg/L) was
considerably higher than that in Mud Slough (5.1 ug/L). However, a wide range
of variability was detected in both sloughs. For example, Salt Slough selenium
concentrations ranged from 3.6 to 36 ug/L, while Mud Slough selenium
concentrations ranged from 0.9 to 31 pg/L. During wet WY 86, the median boron
concentration at Salt Slough at Lander Avenue was 1.3 mg/L. During the drier
years, WY B7-90, median concentrations increased to 1.7 mg/L, 1.9 mg/L, 1.9 mg/L
and 2.3 mg/L, respectively. Although median boron concentrations did not
increase directly for Mud Slough at Hwy 140, peak monthly concentrations were
higher on a number of occasions.

Selenium followed a similar trend in Salt Stough and Mud Slough (north). Median
values in Salt Slough increased from 7.4 pg/L to 12 ug/L, 13 pg/L, 15 pg/L and
15 pg/L for WY 86, WY 87, WY 88, WY 89, and WY 90, respectively. Selenium
values in Mud Slough (north) also showed elevated selenium concentrations during
the first two critically dry years with the highest median concentration in WY
87 (17 pg/L). WY 89 and WY 90 showed 2.1 ug/L and 5.2 ug/L median selenium
concengrations in Mud Slough (north), concentrations below the wet WY median of
8.5 ug/L.

Figures 3 through 6 present boron and selenium concentrations for Mud Slough
{north) and Salt STough for selected Water Years. As can be seen in all four
figures, the time of year patterns remain similar regardless of water year type.
As shown in James et al. (1988), the concentrations in Salt Slough tend to
increase during the non-irrigation period (October to March) and decrease during
the irrigation period (April to September) (Figures 3 and 4). During the
non-irrigation period, flows in the drains and canals consist mainly of shallow
groundwater seepage and subsurface drainage. These two water types have heen
shown to contain elevated levels of a number of constituents including boron and
selenium (Lowry et al., 1989; Deverel et al., 1984; and Chilcott et al., 1988).
During the irrigation season, a large proportion of the flew in the Grassland
Area drains consists of surface agricultural runoff (tailwater) which dilutes the
subsurface agricultural drainage, thus Tlowering the boron and selenium
concentrations. During the non-irrigation season, there is no surface runoff,
so the drains carry a higher proportion of subsurface agricultural drainage, and
consequently, boron and selenium values are higher. In comparison to wet WY 86,
selenjum and boron concentrations in Salt Slough during critical WY 89 and WY 90
did not decrease substantially during the dirrigation season. The elevated
concentrations may be due in part to lack of dilution water-available during the
consecutively critically dry years, as well as water management directing the
majority of subsurface drainage into Salt Slough rather than equally utilizing
both Salt and Mud Sloughs as was practiced during WY 86.

Boron and selenium concentrations in Mud Slough did not appear to be greatly
effected by water year type (Figures 5 and 6). The overall concentrations
remained the highest during the irrigation period. Extreme variability in the
individual sample concentration (especially during WY 90) demonstrates the
importance of water management and available dilution on the concentrations.
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Boron Concentrations in Salt Slough @ Lander Ave, for Water Years 86, 89, 90
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Boron Concentrations for Mud Slough (North) @ Hwy. 140 for Water Years 86, 89, 90

Figure 5.
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Chromium continues to be an element of concern. Chromium is commonly found 1in
shallow water in the western San Joaquin Valley south of the study area,
especially in water derived from alluvial fan deposits (Deverel et al., 1984, and
Chilcott et al., 1988). The highest chromium concentrations found in this
monitoring program occurred in the Panoche Drain which receives its flow from
areas with alluvial fan deposits. Ambient water quality criteria for chromium
is based on concentrations of hexavalent chromium species. This monitoring
program measured total recoverable chromium, therefore the current reported data
.can not be directly compared to the criteria. However, during WY 88, median
values of total recoverable chromium routinely exceeded the four-day average
ambient water quality criteria of 11 pg/L for the protection of freshwater
aguatic Tife. Five of the eight drains monitored had median chromium
concentrations exceeding 16 ug/L, the one-hour average hexavalent chromium
criteria for protection of aquatic 1ife (EPA, 1985). ATl the criteria values for
the protection of freshwater aquatic 1ife are based on acid soluble metals,
whereas the +trace element results 1in this study are total recoverable
concentrations. For a given sample, the total recoverable concentrations are
generally higher than acid soluble concentrations (Marshack, personal
communication).

Since chromium is closely associated with the sediment, the monitoring program
has been altered to analyze dissolved chromium as well as total recoverable
chromium in downstream stations along the San Joaquin River. Analysis for acid
soluble hexavalent chromium would be needed to evaluate the impact of chromium
on the quality of water in these drains. A survey of hexavalent chromium at and
upstream of inflow monitoring stations (areas where total chromium concentration
appear the highest) has been conducted by Regional Board staff and will be
reported separately.

COMPLIANCE WITH OBJECTIVES

In December 1988, the Regional Board adopted water quality objectives for the San
Joaquin River and two of the River's tributaries, Mud Slough (north) and Salt
Slough.  Compliance dates were established for various concentrations of
selenium, molybdenum and boren in the two sloughs-{Table 4). These objectives
and compliance dates were to be effective with the Regional Board adoption and
approval of the objectives by the State Water Resources Control Board (State
Board). State Board approval of the objectives and compliance dates was 1in
- September 1989, the last month of WY 89.

Table 4. Water Quality Objectives as Adopted by the Central Valley Regional Board for Mud
Slough (north) and Salt Slough in the San Joaquin Basin (5C).

Compliance
Constituent Water Onality Qbjective Date
Seleninm 10 pg/L. monthly mean 26 pg/l. maximum 1993
Molybdenum 19 pg/l. monthly mean 50 pg/l. maximum 1990
Boron 2.0 mg/L. monthly mean 5.8 mg/L maximum 1993
{15 March - 15 September)
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As shown in Figure 7, the mean wmonthly molybdenum concentration objective
(19 ug/L) was only exceeded on one occasion. A maximum monthly mean of 23 ug/L
occurred during May 1890 in Mud Slough (north). The high molybdenum
concentrations in May were 1ikely due to natural seepage into Mud Slough. Little
selenfum was detected in the slough during that time period which indicates an
absence of subsurface drainage. The corresponding high molybdenum and boron
concentrations reflect the area's Eoor quality groundwater. Concentrations in
Salt Slough remained below the objective during entire WY 90. The actual
compliance date set to meet the objective was Qctober 1990. The maximum
concentration permitted (50 ug/L molybdenum) was not exceeded during WY 90.

The monthly mean water quality objective for boron (2.5 mg/L) was exceeded in
both Mud Slough (north) and Sait Slough during WY 90 (Figure 8). Mud Slough
(north) contained higher mean monthly boron concentrations. The maximum boron
concentration (5.8 ug/L) was not exceeded during WY 90, although Mud Slough
(north) did reach 5.8 pg/L on one occasion in May 1990. ATlthough compliance
with the objective is not until 1993, this comparisoen was made as no interim
milestones are available for boren.

Water quality objectives for selenium were also approved by the State Board. In
addition to the approved objectives, the following milestones were used to assess
progress towards meeting the selenjum water quality objectives in the two
sloughs.

MAXIMUM MONTHLY MEAN SELENIUM CONCENTRATIONS

MUD SLOUGH (NORTH)

TIME PERIOD SALT SLOUGH
Wy 90 (10/89 - 9/90) 20 pg/L
WY 91 (10/90 - 9/91) 17 pg/L
Wy 92 (10/91 - 9/92) - 15 ug/L

Although both sloughs exceeded the 1993 selenium water quality objective
(10 pg/L) during WY 90, only Salt Slough consistently exceeded the WY 90
selenium milestone of 20 pg/lL (Figure 9). Monthly mean selenium concentrations
reached a maximum (29 wpg/L) in February 1990 and stayed above 20 ug/L from
January to June 1990. Mud Slough reached its maximum monthly mean selenium
co7centration in September 1990 as it just reached the WY 90 milestone of 20
prg/l.

The 1993 selenium water quality objective (10 pg/L) was exceed by Salt Slough
during all but three months in WY 90. The 1993 objective was exceeded in Mud
Slough during five months in WY 90. The 1993 maximum selenium concentration
objective (26 ug/L) was exceeded twice during the early summer in Mud STough
(north} with concentrations reaching 28 pg/L. Salt Slough exceeded the maximum
concentration on eight separate occasions. Most exceedences occurred during the
non-irrigation season (January through March) with the highest value recorded on
2 February 1990 at 36 upg/L selenium,

Continuing drought conditions during WY 91 may increase the difficulties in
meeting future milestones and objectives adopted and approved for both sloughs.
The monthly mean concentrations of boron, moiybdenum, and selenium will continue
to be reviewed in future water years.
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Fipure 9. Mean Monthly Selenium Concentrations in Mud Slough (north) at Hwy. 140 and Salt Slough at Lander for
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WY 90, as Compared to the Adopted Water Quality Objective and Milestone Established to Measure Progress
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JUSTIFICATION FOR THE CURRENT GUIDELINES FOR SELENIUM CONTENT
OF DRINKING WATER FOR ANIMATS

For man, the recommended maximum allowable cogncentration for
a safe level of selenium in the drinking water in the United
States has changed somewhat over the past halff%entury. For
instance, the U. S§. Public Health Service reCQmmendations have
changed as follows (McKee and Wolf 1363, p.91):

Year Recommendedfitandard
1925 None est;ﬁlished
1942 50 ug Se/L

1946 50 ug Se/L

1962 10 g /s/é/L
At present, the recommendation is /still 10 ng Se/L, as
recommended by the EPA Committee on Water Quality Criteria (NAS-
EPA 1972, pp.304-22). The WHO International standard for
selenium in drinking water for man /was 50 pg Se/L for 1958 and
for 1961. There seems to be no compelling data that would direct
the adoption of more restrictive;guidelines for man.

The 1972 NAS-EPA guidelines for levels of selenium in animal
drinking water state that 0.05fﬁg/L is the maximum acceptable
concentration. In reviewing yhe literature relative to selenium
toxicity, it would appear that much of the data support the
assumption that no observable signs of toxicity will be produced
by up to 1 ppm in the feed.,/ Translating selenium intake from
this dietary level into a drinking water concentration that will
give an equivalent intake /s complicated by several factors.
These inciude the estimation of an average feed consumption and
water intake. The water/intake, in turn, varies greatly
depending on the animal/species, ambient temperature, quality of
water and type and amqpnt of feed intake. The calculations and
estimations which follow, are based on a "worst case" scenario.

Of major concern/in establishing drinking water guidelines is
the water intake of/the animals. The intake may be greater than
the requirement and it may be greatly influenced by temperature,
lactation, salt c¢gntent of the water, etc. Church and Pond
(1988) make the generalization that animals will consume 3-4
grams water for fvery gram of dry feed when they are not heat
stressed. Species with the capability to conserve water, such as
sheep, will reduire less while cattle will probably require the
most. Birds denerally require less water than mammals and young
animals will /usually require more water per unit of body weight
than adults It appears that animal nutritionists commonly
assume a ratio of water to feed intake of about 3:1.




APPENDIX A

Mineral and Trace Element Water Quality Data for Inflow Monitoring Stations
Listed in Order by Map Index Number

Map Index RWOQCB Site LD, Site Name Page
I-1 MERSS6 Main (Firebaugh) @ Russell Avenue 25
I-2 MERS501 Panoche Drain 26
13 MERS552 Agatha Inlet (Mercy Springs) Drain 27
14 MERS506 Agatha Canal 28
I-6 MER5M Hamburg Drain 29
I-7 MERS505 Camp 13 Slough a0
| ] MERS502 Charleston Drain 31
19 MERS555 Almond Drive Drain 32

I-10 MERS(09 Rice Drain 33
I-11 MERS21 Boundary Drain 34
1-12 MERS528 Salt Slongh Ditch @ Hereford Road 35
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The data presented in Tables 1-1 and 1-%!é;ow that
considerably higher water consumption can ogcur, particularly
with cattle. This is an important factor i considering what the
maximum allowable selenium content in waF?r should be.

The data of Winchester and Morris (19%6) (also shown in
Tables 1-1 & 1-2) were used to calculaté water to feed intake
ratios for certain dairy and beef cattie at two different
temperatures. These calculations are/shown in Table 2-6. The
data show that at 4°C, the water constmption was such as to give

a water to feed

Table 2-6 Ratios of water to feed/intakes for cattle calculated
from data of Winchester/ and Morris (1956)

r

Class of Cattle /Kq water:Kq feed
4%C 32°c
§
f
Dairy cattle f
Heifers / 3.00 7.35
Bulls // 3.08 7.34
Non-lactating cows / 3.09 7.34
)!l
Beef cattle /
On maintenance diegj 3.09 7.34
Bulls { 3.09 7.33
Cows on hay and/orf 6.42
grain /
9.22

Cows on high-salt/diet
rf

ratio of about 3:1. /However, at 32°C the water to feed ratio was
almost 7.5:1. No doubt this temperature represents a high heat
stress, since the animals were held at a constant temperature
which would be mucqfhigher than the average daily temperature
they would be exposed to in areas such as the San Joaquin Valley.
It does represent;%he extreme in water intake by animals.
f

It is reasonaﬁle to assume that animals would be able to
safely consume the same amount of selenium in drinking water that
is allowed to be added to feed. The FDA currently has approved
the addition of70.3 ppm selenium to feeds as inorganic selenium
(FDA, 1987). Assuming the extreme water to feed intake ratio of
7.5:1, water céntaining a concentration of 0.040 yg/mL (0.3
divided by 7.5)) would provide the same selenium intake as 0.3 ppm
added to feed.
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Map Index I-3. Agatha Inlet (Merey Springs) Drain near Panoche Drain {(MERS52)

Location: Latitude 36°56'01", Longitude 120°42'05", In SE 1/4, SE 1/4, NW 1/4, Sec, 31, T. 118, R.12E,
S of Firebaugh Drain, 2.6 mi. W of Russell Ave., 2.8 mi. S of South Dos Palos.

Date Time pH EC Se Mo B CI  SO4 HDNS Temp.
pmhos/cm _ugl mg/l, Fe
10/6/89 1155 7.8 8200 31 20 1200 2600 1600 74
10/30/89 1045 84 8550 4.6 22 1100 3000 510
11/30/89 945 8.3 6730 8.8 16 640 2500 1600 40
3/30/50 B10 8.6 5110 10 8 12 840 1600 1110 55
4/27/90 910 8.1 4130 7.9 7.1 520 1400 1000 67
5£31/90 1350 8.0 4710 54 10 79 640 1400 1200 69
6/28/950 725 8.9 6.5 9 8.4 620 1000 840 70
7121190 1130 8.0 3410 a5 57 410 1100 810 82
8/30/50 1610 8.1 3350 5.1 6.5 540 1100 780 79
MIN 7.8 3350 4.6 57 410 1000 510 40
MED 8.1 4910 7.9 8.4 640 1400 1000 70
MAX 8.9 8530 54 22 1200 3000 1600 82
COUNT 9 8 9 9 9 9 9 8
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Map Index I-4. Agatha Canal at Helm Canal (MBRS06)

Location: Latitude 36°56'04", Longitude 120°41'06”. In NE 1/4, Se 1/4, NW 1/4,
Sec. 31, T.11S.,R.12E. 150 ft. N of Helm Canal, 2.6 mi. W of
Russell Ave., 3.4 mi. SW of South Dos Palos.

Date Time pH EC Se Mo B Ci S04 HDNS Temp.

Umhosiem  ___ugl. mg/L, F°
10/6/89 1124 58 430 1.7 0.07 54 29 B6 68
10/30/89 1015 85 840 1.8 0.82 120 140 220 63
11/30/89 900 7.8 4040 56 5.6 480 950 900 46
4727190 815 7.9 4470 60 66 5370 1300 1000 63
5/31/90 1315 79 3300 23 B 50 460 840 770 66
6/28/90 650 8.8 4650 23 7 8.0 620 1100 970 67
72150 1100 79 3470 26 9 6.6 450 1100 810 81
8/30/90 1530 83 4150 61 8 712 600 1400 1100 78
9/28/90 7.7 5280 114 1 9.6 760 1800 1300 68
MIN 5.8 430 1.7 7 007 54 29 86 46
MED 7.9 4040 26 8 6.6 480 1100 900 67
MAX 8.8 5280 114 11 9.6 760 1800 1300 31
COUNT 9 9 9 5 9 9 9 9 9

28







41 11 11 It (Al 1T 11 I [A! IT (44 [4} [A) A LNOOD
68 0061 00617 068 £9 6L 41 8T 14% 61 8 ccl 0L6S g8 XV
19 00vT  0OPT  OCL ¥e 9 &> [N ¥i 1 [ 78 OpLy 6L aHN
S 00L 0501 06T 't 1> > &> £ 1> C 9¢ 090t L'L NI
99 00IL 0501 <0t 6t T > S £ 4 9 [if# 081t L'L 06/82/6
8L 00LT 0061 064 £9 01 c> 9 14! 1> S 06 114749 £'R €051 06/0£/8
BL 00ZT  0Q0¥T  OFC g'c £ G> c> 01 I 3 Gs 06l¥ 6L SE0T 06/LZ/L
[42 0001 0011 Q&b 0+ ¥ &> 14! 0T 9 £ s 060y 8’8 0t 06/82/9
68 0061 0S8T QOB 6'S 6L 51 BC £C 6 g Tl QLLS '8 05t pefie/s
19 0061 0081 Q8L 9 L &> &> 12 ol 9 96 0L6% RL 0L 06/LTiY
8S 1Y 12 1% £01 0588 LL SCL 06/Tlfy
o% 00L 00FT 068 oS 1€ &> 0¢ 1274 6 [4 ¥8 OvLy R'L Q0L 06/0¢/t
8t 00LT  0S91T Q7L L'E 9 £> &> £l > g BIT 088% L'L 0EL 06/t/T
9% 0081 0091 018 '8 ¥ &> &> 91 | g 9 88 oris £'8 0cL 06/61/1
8t 0ozt 001T 06T I'e I> £> &> ¥ > < 9c 090¢ 6L 0¥8 68/0E/11
65 00vT  O00F1  06E L'y T £> £> L4 > 9 6t 006E 98 06 68/0£/01
| /8w /8 wo/soyurr

dwal, SNAH vOS 1D q uz Ad IN D nj O 28 oH Hd ouny, eq

'SO[Ed SO(T {INOS JO MS-M "W £°9 ‘SOUBE SO JO HS-S T 7'6 '[EUED UMW 10D 30 S Y 0§
HITE"STTL LT "998 “B/T MS “W/T 3S ‘H/1 &S UI ", £Z.5h.0ZT 3pmMIBU0T *,7E.95,9€ SpMOLT :U0HE00]

(YOSMEN) yBno|g g1 dure) Jesu urexg Smqueeyy *9-1 xepuy dey

29






Map Index I-7. Camp 13 Slough at Gauge Station (MERS503)

Location: Latitude 36°56'04", Longitde 120°41'06". In SE 1/4, SE 1/4, SW 1/4,
Sec, 27, T.11S., R.11E. 150 {t. N of CCID Main Canal, 6.4 mi. W of
Russell Ave., 9.2 mi. SE of Los Banos, 6.7 mi. SW of South Dos Palos.

Date Time pH EC Se Mo B Cl  SO4 HDNS Temp.

pmhosfem  _ pg/l mg/l, Fe
10/30/89 955 8.6 1980 19 25 220 440 780 59
11/30/89 845 8.3 740 18 1 022 120 62 120 49
12/29/89 940 7.6 4390 84 9 58 560 1300 1000 46
1/19/90 725 3.2 3410 67 41 480 920 870 44
2/2/90 740 8.1 3460 65 5 39 420 860 780 45
3/30/90 705 8.1 3200 39 7 4.9 560 860 730 57
4/12/90 745 7.9 3610 47 7 5.1 60
4/27/90 800 8.0 3160 46 8 32 370 %00 670 64
5/31/90 1300 719 4640 57 13 5.6 560 1300 1100 66
6/28/90 640 8.8 3870 52 10 49 400 1100 760 69
727190 1040 7.9 3270 51 20 51 340 1100 740 80
8/30/90 1513 8.3 5190 89 5 6.6 830 2100 1900 78
5/28/90 1.7 5160 96 34 89 650 1700 1100 66
MIN 7.6 740 1.8 1 022 120 62 120 44
MED 8.1 3440 54 9 49 455 1010 780 62
MAX 8.8 5190 96 34 8.9 830 2100 1900 80
COUNT 13 13 13 13 13 12 12 12 13
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Map Index I-9. Almond Drive Drain {(MERS555)

Location: Latitude 36° 59'55", Longitude 120°49'00". In SW 1/4, SW 1/4, SW 1/4, Sec. 6, T118,,

R.11E. N side of Almond Dr., 1.1 mi. E of Mercy Springs Drain, 100 ft. E of CCID
Main Canal, 4.7 mi. § of Los Banos.

Dale Time pH EC Se Mo B Cl 504 HDNS Temp.

pmhos/em  _ pgl mg/L Fe
10/30/89 900 8.7 600 0.7 0.21 a8 48 110 60
11/30/89 650 7.5 840 23 0.42 110 20 160 47
12/29/89 850 7.6 1010 2.2 0.70 160 190 220 42
1/18/90 645 8.3 1180 2.3 3 057 150 150 190 44
2/2/90 650 7.3 1150 32 0.71 140 180 240 49
3/30/90 630 7.7 2190 2.8 4 2.1 360 480 530 56
4/12/90 700 7.8 1710 2.7 2 1.5 58
4/27/90 720 7.8 1850 4.0 .3 210 360 420 62
5/31/50 1130 7.7 2570 4.7 5 24 280 620 650 68
6/28/90 603 8.6 1480 2.4 2 1.1 160 250 300 68
7/27/90 1010 7.7 790 1.9 0.46 120 100 180 81
8/30/90 1440 8.0 1570 2.2 1.6 170 310 330 75
9/28/50 84 1450 1.6 14 150 250 3i0 66
MIN 7.3 600 0.7 0.21 88 48 110 42
MED 7.7 1320 23 091 155 220 270 61
MAX 8.7 2570 4.7 24 360 620 650 81
COUNT 13 13 13 13 12 12 12 13
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Map Index I-10. Rice Drain at Mallard Road (MERS509)

Location: Latitude 36°59'22", Longitude 120°14'42". In NE 1/4, NW 1/4, SW 1/4, Sec. 7, T.118., R.11E.
South of Santa Fe Grade at Brito, 50 ft. W of Mallard Rd., 4.5 mi. W of Dos Palos.

Date Time pH EC Se Mo B Cl S04 HDNS Temp.
umhosfem ____ pgl. mg/L Fe

10/30/89 1145 82 3550 2.7 41 8.1 330 1100 740 61
11/30/89 1025 74 2970 1.9 19 5.1 300 780 800 48
12/29/89 1305 7.0 4020 36 38 74 440 1400 1100 48
1/19/90 835 8.1 3800 2.0 30 6.3 450 1200 1000 43

2/2/90 830 1.8 3080 3.3 5.3 290 840 740 46
3/30/90 840 7.7 3050 1.5 1 3.7 490 600 620 57
4/12/90 914 1.6 3000 2.5 15 6.2 64
4/27/90 935 7.2 2310 2.3 11 45 270 640 510 66
5/31/90 8.1 3020 25 16 54 390 870 750 70
6/28/90 755 8.9 37 16 6.3 370 870 670 6%

7/27/90 1225 7.9 2400 2.6 11 45 290 620 500 84
8/30/90 1630 8.1 2350 3.0 12 4.5 300 660 520 75

9/28/90 7.8 4110 4.0 21 9.3 335 1300 845 68
MIN 7.0 2310 1.5 1 37 270 600 500 43
MED 7.9 3050 2.1 16 54 350 855 740 64
MAX 89 4110 36 41 9.3 535 1400 1100 84
COUNT 13 12 13 12 13 12 12 12 13
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Map Index I-11. Boundary Drain at Department of Fish and Game Pump (MER521)

Locaticn: Latitude 37°06'32", Longitude 120°46'45™, In NE 1/4, SE 1/4, NE 1/4,
Sec. 32, T.9S., R.11E. North of Henry Miller Rd., 4.6 mi. NE of

Los Banos.

Date Time pH EC Se Mo B Cl 804 HDNS Temp.

pmhos/cm ug/l, mg/L F°
10/6/89 1300 7.8 1140 1.2 0.36 170 130 210 68
10/30/89 1044 6.6 1480 0.5 0.51 260 200 270 57
11/30/89 1115 7.8 1510 0.6 0.44 240 180 260 49
12/29/8% 1430 74 2050 23 0.46 260 170 290 52
2/2/90 910 7.8 2440 2.0 0.96 380 350 450 48
3/30/30 915 7.5 2450 1.8 1 081 420 370 500 60
4/12/90 1020 7.4 1790 0.9 6 055 66
4127190 1010 7.5 1650 0.7 0.45 290 210 330
5/31/90 1510 8.3 1520 0.9 5 044 260) 230 770 70
6/28/90 830 9.0 1370 12 4 041 240 160 280 67
7/27/90 1330 8.8 970 0.5 3 031 170 110 210 81
8/31/90 700 8.0 1140 0.9 0.39 180 130 260 67
9/28/90 1.7 680 0.8 0.16 99 59 140 69
MIN 6.6 680 0.5 0.16 99 59 140 48
MED 7.8 1500 0.9 0.44 250 175 275 67
MAX 9.0 2450 2.3 1.0 420 370 770 81
COUNT 13 13 13 13 12 12 12 12
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Map Index I-12. Salt Stough Ditch at Hereford Road {MER528)

Location: Latitude 37°08'30", Longitude 120°45'17". In NW 1/4, NE 1/4, NW 1/4,
Sec. 22, T.95,,R.11E. 3.0 mi. N on Hereford Rd. from Henry Miller Rd.

Total

Date Time pH EC Se Mo B Cl1  SO4 C0O3 HCO3  Alk. HDNS Temp.

phmosfem  _ ppfM. mp/L, F°
10/6/89 1320 7.9 930 1.2 0.31 130 110 180 67
10/30/89 1100 7.2 940 04 0.26 140 100 200 58
11/30/89 1130 7.8 1030 1.2 0.23 140 99 220 49
12/29/89 1455 7.6 1250 0.2 0.33 190 160 280 48
1/19/50 930 79 1700 0.2 0.33 280 230 410 43
2/2/90 920 7.8 1350 14 0.33 190 150 <2 220 220 320 46
3/30/90 930 8.0 1050 23 4 043 200 160 230 59
4/12/90 1035 7.6 1780 0.6 11 043 66
4/27/90 1025 7.5 1480 0.6 .33 240 180 370 638
5/31/90 1435 8.1 1170 0.9 4 030 180 150 290 68
6/28/50 850 8.8 970 0.3 5 024 160 97 220 69
7/27/50 1315 9.3 680 0.6 0.22 120 63 150 80
8/31/90 720 8.0 800 0.9 0.24 140 100 410 69
9/28/90 1.6 780 0.6 0.15 130 83 190 69
MIN 7.2 680 0.2 0.15 120 63 150 43
MED 79 1030 0.6 0.30 160 110 230 67
MAX 9.3 1700 23 0.43 280 230 410 80
COUNT 14 14 14 14 13 13 13 14
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Another way of looking at the same probl is to calculate
the selenium intake from the maximum expect d water consumption
for various adult livestock of medium weight at a temperate
climate. The results of these calculatio are shown in Table
2.7. The calculations are made on the bagis of assumed body
weights of various animals and on the as ption that animals
consume feed at an average of 2.5% of body weight. Since the
maximum value for expected water consumption is used, these
calculations also approximate a "worst fase” situation. The
fifth column of Table 2-7 gives the selenium intake from the
water, assuming it contains the curre %ly accepted maximum
selenium concentration of 0.05 pg/mL./ Dividing this value by the
estimated feed intake for each animal gives the concentration of
selenium in the diet that would provide an equivalent daily
intake (shown in the last column). These values can vary from
0.18 pg Se/g diet to 0.49 pg Se/g diet, with an overall average
of 0.35 + 0.13. This agrees guite /well with the calculated
dietary level from the other worst/ case study involving heat
stressed animals.

Table 2-8 presents a summary of the comparative calculations
of selenium intakes from situations of various selenium
concentrations in feeds and water. At the extreme water to feed
ratio of 7.5:1, the amount of sdlenium intake by animals drinking
water containing the maximum accepted selenium concentration
would be equivalent to consuming a level of 0.375 ppm selenium in
the diet. This is slightly above the level that has been
approved for supplementation £8.3 ppm). However, it is still omne
half of the level considered to give no observable toxicity signs
and it is one tenth of the level considered to produce toxicity.
Choosing a water to feed ratio of 7.5:1 is certainly a worst case
situation, since animals woyld rarely be at a temperature of 32°C
for long periods of time. [he level of intake from water under
these extreme conditions i very close the that provided by the
approved supplementation o the diet with 0.3 ppm. Therefore,
the current guideline of (.050 pg/ml in animal drinking water
seems to be justified and/probably represent a conservative and
rational limit.

In support of this conclusion is the observation that animals
consuming water at this /jlevel would consume the amount of
selenium equivalent to that supplied by 0.375 ppm in the diet.
If it is assumed the dilet contains 0.4 ppm natural selenium, in
addition to the permitfed 0.3 ppm supplemental selenium, the
total selenium intake /would be eguivalent to that from a dietary
concentration of 1.08/ppm. This is close to the level of no
effect. The average /[selenium content of the feeds in the San
Joaquin Valley are ugually less than 0.4 ppm used in the above
calculation (Kubota pt al. 1967; Burau et al. 1987).



APPENDIX B

Mineral and Trace Element Water Quality Data for Internal Flow Monitoring Stations
Listed in Order by Map Index Number

Map Index RWOCB Site LD. Site Name Page
T-1 MERS510 CCID Main @ Russell Avenue 39
T-7 MERS27 San Lyis Canal @ HWY 152 40
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Map Index T-1. CCID Main Canal at Russell Avenue (MERS10)

Location: Latitude 36°55'28", Longitude 120°37'30". In SE 1/4, SE 1/4
SE 1/4, Sec. 33, T.11S., R.12E. 2.7 mi. S of Dos Palos.

Date Time pH EC Se Mo B Cl S04 HDNS Temp.

pmhosfem  ___ ygfl, mg/L F°
10/6/89 1135 6.4 470 1.1 0.10 65 37 89 66
10/30/89 1125 8.6 620 0.8 0.21 91 53 220 62
11/30/89 1000 8.3 660 14 0.18 o8 55 470 51
12/29/8% 1105 7.8 770 2.7 0.34 130 93 140 45
1/19/90 825 8.8 830 23 037 130 120 160 44
2/2/90 815 8.5 880 4.0 0.38 120 100 180 45
3/30/30 730 8.1 650 25 1 032 100 100 150 61
4{12/90 855 3.6 595 1.7 1 016 64
4/27/90 825 8.2 680 1.6 0.16 130 49 130 66
5/31/90 7.9 4280 76 25 52 460 1400 1100 69
6/28/90 740 9.4 670 1.2 1 026 110 77 150 67
7/27/90 1145 7.8 2330 4.9 5.1 240 710 450 83
8/30/90 1540 83 460 0.7 0.16 65 48 130 78
9/28/90 1.7 2610 3.8 19 3.9 260 830 520 68
MIN 6.4 460 0.7 0.10 65 37 89 44
MED 8.2 6380 2.3 032 120 93 160 66
MAX 9.4 4280 76 52 460 1400 1100 83
COUNT 14 14 14 14 13 13 13 14
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Map Index T-7. San Luis Canal at HWY 152 (MERS5Z7)

Location: Latitude 36°03'03", Longitnde 120°48'10".
In SE 1/4, SW 1/4, SE 1/4 Sec. 18, T.10S., R.11E.
N side of HWY 152, 2.5 mi. E of Los Banos.

Date Time pH EC Se Mo B Cl S04 HDNS Temp.

phmosfcm ug/l mg/L, F°
10/30/89 1205 8.6 670 0.7 6 038 20 64 190 64
11/30/89 1040 8.1 910 1.5 0.55 120 110 160 50
12/29/89 1328 7.8 1370 2.0 1.8 180 270 280 46
1/19/90 850 8.1 1430 25 1.5 180 270 340 44
2/2/90 850 8.3 950 34 0.56 130 130 200 47
3/30/90 900 8.1 820 24 3 036 96 110 180 56
41290 045 1.7 2350 2.7 6 2.7 62
4427120 950 79 2460 2.7 31 300 570 600 66
5/31/90 1500 8.1 3280 3.9 6 45 450 880 810 75
6/28/90 815 8.9 1990 2.7 5 25 230 450 450 70
7/27/90 1300 7.9 1860 2.2 22 210 400 410 84
8/30/90 1700 8.5 2020 2.7 26 230 460 450 79
9/28/90 2.0 620 14 0.34 78 64 130 69
MIN 78 620 0.7 0.38 90 64 160 44
MED 8.1 1400 2.5 1.7 180 270 310 65
MAX 8.9 3280 3.9 45 450 880 810 84
COUNT 13 i3 13 13 12 12 12 13
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APPENDIX C

Mineral and Trace Element Water Quality Data for Qutflow Moniloring Stations
Listed in Order by Map Index Number

Map Index RWOCRE Site LD, Site Name Page
0-1 MERS551 Mud Slough (N) @ Newman Gun Club 43
0-2 MERS541 Mud Slough (N) @ Hwy 140 44
03 MERS554 Los Banos Creek @ Hwy 140 46
0O-4 MERS31 Salt Slough @ Lander Avenue 47
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Table 1-1 Continued //
Animal Comments Water // Reference
intake*
Swine Growing /’
23 kg Fall 2.1 / Merck 1961 p737
Spring 2.6 "
45 kg Fall 3.3// " " "
Spring 4.1 L] n L1
68 kg Fall 4, " " "
Spring 4/-/3 n L] H
91 kg Fall 4.5 " " "
Spring 4.2 " " "
136 kg Fall 2.8 " " "
Spring 2.8 " " "
Adult /11-19 FWPCA 1968, pl30
Growing, 30 kg 7 6 NAS-~-NRC 1974 p31
Pattening, 60-100 kg / 8 " "
Lactating sows, 200-250kg 14 ! " " "
Poultry Adult chickens jﬁ 0.3-0.38 FWPCA 1968, pl30
Hens 7 0.14-0.18 Ewing 1963, p53
Turkeys f 0.38-0.57 FWPCA 1968, pl30
Turkeys 1-3 wk I 0.042-0.095 Ewing 1963, pll09
4-7 wk/ 0.14-0.32 " " "
9-13 wki 0.35-0.54 " " "
15-19 wk 0.63 " " "
21-26 wk 0.51-0.64 " " "
Chicken, 8-wk id 0.2 NAS-NRC 1974, p31
Laying hen, 60% production 0.2 " " " "

* Liters per animal ﬁer day.

Winchester and Morris /&956) reported a very thorough study
of the water intake of cattle under a variety of conditions, and
some of their data were used in calculating the values for Table
1-2. These values reflect "total water intake" (water drank plus
water contained in the ﬁeed) rather than "watexr consumption®
("free water'"drank) or fwater requirement" (equivalent of watexr
from all sources, 1nclud1ng metabolic, requlred for good health).
The data are summarlzeﬁ in some detail since they provide
information concernlng the effects of so many factors.

Winchester and M rris (1556) have also shown the water intake
of lactating dairy gattle to increase as the milk production
increases. {



Map Index O-1. Mud Slough at Newman Land and Cattle Company (MERS551)

Location: Latitude 37°18'33", Longitade 120°57'18", In NW 1/4, NW 1/4,

SW 1/4, Sec. 23, T.75.,R.9E., 1.7 mi. NE of Santa Fe Grade, 1.2 mi. N of HWY 140,

4.2 mi. NE of Gustine.

Dale Time pH EC Se Mo B Cl 804 HDNS Temp.

ptmhos/cm _ugl, mg/L, Fe
10/30/89 1245 N 1030 0.6 0.61 150 120 240 59
11/30/89 1135 7.0 1560 2.8 1.1 190 210 310 51
12/29/89 1035 3.0 2080 0.9 1.3 310 370 360 41
1/19/90 1245 2480 5.0 1.7 360 480 490 49
2/2/20 1315 7.4 3070 5.7 22 470 580 520 51
3/30/90 1355 4040 4.5 17 32 600 920 740 70
4/12/90 1310 B4 4330 2.1 16 29 66
4/27/90 1210 8.6 3360 1.2 9 2.8 520 540 600 73
5/31/90 1245 B.2 2860 8.1 10 24 400 725 650 68
6/28/90 1040 9.6 2.5 9 1.7 330 595 580 74
7427/90 1100 0.2 2160 6.8 2.5 280 480 370 80
8/31/90 845 8.5 1850 53 11 1.6 210 400 450 60
9/14/90 1230 8.8 2.5 10 23 74
9/21/90 820 8.1 43 ] 2.5 63
9/28/90 1015 2560 4.4 9 2.0 340 620 570 69
MIN 7.0 1030 0.6 5 0.1 150 120 240 41
MED 8.2 2480 4.3 10 2.1 335 510 505 67
MAX 9.6 4040 8.1 17 32 600 920 740 80
COUNT 12 12 15 ] 15 i2 12 12 15
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Map Index O-3. Los Banos Creek at HWY 140 (MER554)

Location: Latitude 37° 16'35", Longitade 120°57'14", InNE 1/4, SW 1/4,
SW 1/4, Sec. 35, T.7S., R.9E. S side of HWY 140, 2.9 mi. NE of

Gustine,

Date Time pH EC Se Mo B Ci 504 HDNS Temp.

umhosfem  _ ppfl, mg/L Fe
10/30/89 1220 7.6 780 0.5 0.35 110 68 170 59
11/30/89 1210 7.3 1240 1.0 0.85 162 120 270 51
12/29/89 1145 8.3 4060 0.4 24 570 870 700 46
1/19/50 1215 2180 0.5 1.6 350 390 400 48
242190 1245 8.1 2350 0.7 1.7 340 360 410 51
3/30/90 1050 79 2270 14 14 1.7 400 420 460 66
4/12/90 1200 79 2140 0.9 10 1.5 73
4/27/90 1140 8.4 3600 0.8 11 30 520 530 680 71
5/31/90 1315 8.3 1570 0.8 1.2 210 220 340 74
6/28/90 1010 94 0.5 20 1.2 180 290 330 69
72790 1135 9.3 1210 1.3 1.0 150 210 280 79
8/31/90 820 8.3 1410 2.0 1.1 170 230 300 66
MIN 73 780 0.4 0.35 110 68 170 46
MED 8.3 1870 0.8 12 210 290 340 66
MAX 04 4060 2.0 3.0 570 870 700 79
COUNT 11 11 12 12 11 11 11 12

46






LL (s 9 A S 0961 t'6 CHOT 06/9/1
L g GLY caT £T 8¢ [ 91 9t L 8 IT 060C 88 (91 06/82/9
9L LE ¢l el 0Z8¢ 'L 01061 06/2T/9
89 '€ 11 81 08LT £L 000t 06/ST/9
¥l £e It 17 0£6T 6'L GI8 06/8/9
89 [1}99 05¢ OFt £ 91 > 4 11 < £ 91 0ZET '8 00%1 06/TE/S
9 o1 [y 1 0zotT L 0zZa 06/ST/S
29 0t 6 €T 0682 08 (1481 06/81/6
0L 83T 8 [£3 01LT 0’8 Q011 06/11/5
oL LT L 8T 0R9Z iy 01zl 06/%/S
0L 0001 019 08¢ 9¢C LT G> (Al £l 1T 8 0c QELT LA 0501 06/LENY
99 ¥'e L 1 OFET L'L (1128} 06/0Z/y
89 fArs £l 8 91 0592 L'L LOTT 06Ty
99 9C 6 174 000 6L (SR 06/9/%
0 059 0Tl 065 I'e i) ¢ (Al 11 A 01 €T 000E 8L 0001 06/0E/E
89 09¢ o6t 0cE fAY 4 6 B1 0EST 'L COET 06/eT/E
9 099 079 0L 1t £l > 0t 1 t (1] e 17414 0’8 BCET 06/91/¢
6¢c 05% 009 08¢ T It 6T 08¢ L 0zel 06/6/e
0zs (1284 (155 I'e 8 el pEET 6'L 0ETI 06/c/e
08¢ 09g 0ze oA 3 12 092 L'L ChIl 06/921E
14 05¢e 019 09¢ 9 [AS c> ¢ [A! [ L 0¢ 005 '8 (Mol 06/a1/2
] 0F9 069 06t 6c €1 e (4} gl £ 9c 0L6T 0 CPIT 06/T/t
0¢ 0cL 0ze 0z¢c 't 01 ce 0c0f gL 016 06/9Z/1
BF c5o oL 0S¥ 6c L1 c> 11 43 t 6 Le 0967 0001 06/61/1
N4 0eL 06L 0Ly 0t (A > 9 01 € Al 9T 090€ 0’8 CITT 06/TH/1
FA4 o9 0cs 0%t £T ot T 018¢C 8L CIIT 06/cf1
24 0cs 009 08t ¥T 9 > > ¥ 1 0t ¥e 08%¢ LA el 68/6z/T1
t 01¢ (1749 0LE e LT 009z oL 006 68/1Z/T1
%4 11 o> L 9 £ 8 11 011z 08 KA 68/S1/T1
6 Orf 01¥ 0¢e LT 6 c> &> g £ 6t L 0807 L'L QETT 68/8/T1
1< OET 00E 0£T 1 +1 > [ 9 01 g L'L 0181 9°L 00Tt 68/0E/TT
< 09¢ Q9¢ 09z L1 831 e 8 8 £ L 66 0e61 ¥L G101 68/0¢/11
6 a4 00¢ 0ET (Al €1 > L 8 ¥ 9 T'L 0491 ¥'L 1741 6B/ET/TT
8¢ 05¢ (1A obT 1 g 6 0691 'L [YXAl 68/9/11
8¢ 0ZE 09¢ 0z €1 6 [ 8 L ¥ 9 (A 08T ¥l IYARY 68/0E/01
99 0Ze Jog 0ET &I 9 6 06sT 0L ceet 68/0Z/01T
99 0Lz 0Ec 081 'l < ¥e (1 L°L 0021 68/ET/OT
39 [0]4% (062 0T £l ¢ L'8 0BCT 9L el 68/9/01

od /3w 1/31 wofsoyurr]
dwa], SNQH +0S o] g vz aqd IN I nn oW 25 od nd SUwL], 25e(g

‘OFT AMHIOS

e g 'soung so Jjo N Q'gl 'HOTY "SI ‘01 a8 ‘Hr ds

PITAS ‘BT MN T, #0, 15002 2pmifuo ‘W§S¥ToLE OPMNET ‘UODESO]

(TESYEND (91 AMH) #nUaay 1opue] T YBno[g I8 "+~ Xapu] dejy

47






B¥ 1€ € 1€ 14 61 61 61 474 61 8P Qs 0S 6v INNOD
78 0001 078 065 LE 82 o> 91 91 11 62 9¢ 050k 66 XVIN
L9 gi% czs OFE €T ST o 6 1]4 ¥ L <l SEET gL aan
T O£t o 4 05T S0 9 [ o v 1 ¥ o'F DIZI +'9 NI
0L 0Lt 0zt 0cT T1 a1 [ 9 3 ¥ 9 79 D8ZT gL 06/8t/6
69 Al ¥ 1'6 OEET rAr CiL 06/12/6
ZL SL0 b 9°g 0zzl $'8 S01T 06/+1/e
Tt 00g 09z 061 "1 ¥ €9 09461 LL 0F0T 06/Ll6
0g Ot ozL 08¢ 8T 6 Lz 0L8T 1L ShIT 06/7/6
1L 062 £1T 091 ¥60 T &> 8 L ¥ b 6L 0121 T8 Sl 06/1E/8
€L 1 ¥ £9 061 26 0011 06/91/3
78 L1 9 96 0891 gL SHTT 06/6/8
LL ¥ L 01 0761 (A 516 06/5/8
8L 0Tk (1142 0Sz 0T <z &> ¥1 01 < 9 01 0981 66 SETT 06/LTIL
08 81 < 78 0SLT 68 SE6 06/0Z/L
[4: 0E 8 £1 O1+T 1'6 LZ6 06/ET/L

o /3 /8 uro/soyurm
dwal, SNAH +0§ fe] g uy ad IN 1D ) o ag o4 ud aurny, are(g

OF1 AMHIOS

U (G “SOURY S0 JO N W ET “HOTY 'S8 ‘0T 098 H/1 98

PITHS W1 AN UL 0, 15:021 2PMITU0T ', 56 bl LE 9PMUERT UONBIO]

(TEQIAND (59T XMH) onuaay 1apuw-] 38 YSno[g IS "PINURUOD ) Xapu] dejy]

48






GWD WY 90

Name Size Kind Label Last Modified
<~ [[} APPENDICES — folder — Tue, Dec 3, 1891, 12:23 PM
APPENDIX A TITLE 4K Microsoft Excel do... — Tue, Feb 19, 1991, 12:28 PM
APPENDIX B TITLE 3K Microsolt Excel do.,. - Tue, Feb 19, 1991, 12:30 PM
APPENBIX C TITLE 4K Microsoit Excel do... - Tuse, Feb 18, 1991, 12:31 M
MER 51 10K Microsoft Excel do... — Thu, Jan 31, 1831, 3:58 PM
MER 502 10K Microsoft Excel do.., — Thu, Jan 31, 1881, 4:00 PM
MER 504 8K Microsolt Excel da.., — Thu, Jan 31, 1991, 4:02 PM
MER 505 6K Microsolt Excel do.., — Thu, Jan 31, 1891, 3:57 PM
MER 506 5K Microsaft Excel do... — Tue, Jan 15, 1991, 8:30 AM
MER 508 6K Microsoft Excel do... — Thu, Jan 31, 1991, 4:07 PM
MER 510 6K Microsoft Excel do... — Thu, Jan 31, 1991, 4:10 PM
MER 521 6K Microsolt Excel do... — Thu, Jan 31, 1991, 4:113 PM
MER 527 6K Microsolt Excel do... — Thu, Jan 31, 1991, 4116 PM
MER 528 7K Microsoft Excel do.,, — Thu, Jan 31, 1991, 4:18 PM
MER 531 17K Microsoft Excel do... — Thu, Jan 31, 1951, 4:31 PM
MER 541 17K Microsoft Excel do... — Frl, Feb 1, 1921, 7:49 AM
MER 551 6K Microsolt Excel do... — Fri, Feb 1, 1881, 7:56 AM
MER 552 5K Microsoft Excel do.,. -~ Tue, Jan 29, 1991, §:11 PM
MER 554 6K Microsofl Excel do... — Fri, Feb 1, 1981, 7:58 AM
"'_" MER 555 6K Micrasoft Excel do... — Fri, Feb 1, 1991, B8:01 AM
MER 556 BK Microsoft Excel do... — Fri, Feb 1, 1991, 8:04 AM
< [] DATA (for fligures) — folder — Eri, Feb 1, 1891, 10:54 AM
H d B/ MUD 680 3K Cricket Graph docu... — Wed, Jan 9, 1891, 3:03 PM
B «.ecEoRoN-MO 3K Grickel Graph docu... = Tue, Jan 22, 1891, 4:42 PM
ﬂ d sall/ b 680 3K Cricket Graph docu... — Wed, Jan 9, 1951, 2:38 PM
E d salt/se 680 3K Cricket Graph docu... — Wed, Jan 9, 1991, 2:19 PM
H d se for sall, mud 80 2K Cricket Graph docu... — Thu, Jan 10, 1891, 1:19 PM
B o ser mud 6,80 3K Gricket Graph docu... — Wed, Jan 9, 1991, 3:18 PM
ﬂ TSW's fine data 1K Crickel Graph docu... — Thu, Jan 31, 1981, 454 PM
TSW's Smashing Format 1K Cricket Graph docut... — Wed, Jan 30, 1991, 10:22 AM
~ r:] RGURES — folder — Fri, Feb 1, 1891, 10:52 AM
GWD 50 FIG. 3 4K Gricket Graph docu... — Wed, Jan 30, 1991, 11:27 AM
GWD 80 FIG. 4 4K Crickel Graph docu... — Wead, Jan 30, 1891, 11:28 AM
n GWD S0 FIG. 5 4K Crickel Graph docu... — Wed, Jan 30, 1851, 11:15 AM
GWD 60 FIG. 8 4K  Crickel Graph docu.,. — Wed, Jan 30, 1991, 11:16 AM
GWD 80 FIG. 7 3K Cricket Graph docu... — Fri, Feb 1, 1991, 10:27 AM
k] GWD S0 FIG. B 3K Cricket Graph dogu... — Fri, Feb 1, 1991, 10:27 AM
GWD 90 FIG. 8 3K Cricket Graph docu... — Fri, Feb 1, 1991, 10:14 AM
v (] TABLES — falder — Fri, Feb 1, 1861, 2:18 PM
E GWD 90 Table 1 6K Microsofl Excel do... — Wed, Jan 30, 1991, 8:22 AM
GWD 80 Table 2 12K Microsofl Excel do... — Wed, Jan 23, 1991, 2:15 AM
ié GWD 90 Table 2 v.2 12K Microsoft Excel do... — Fri, Feb 1, 1891, 2:18 PM
B cwpoo Tables 25K Microsoft Excel do... — Tue, Feb 12, 1591, 1:58 PM
[é GWD 80 Table 4 3K Microsolt Excel do... — Frl, Feb 1, 1981, 12:.06 PM







GWD WY 80 Backup

Name Siza Kind Label Last Modified
~ D APPENDIGES « folder — Tue, Feb 12, 1991, 1:48 PM
[_;_; APPENDIX ATITLE 4K Microsolt Excel do... — Tue, Feb 19, 1991, 12:28 PM
[_;_1 APPENDIXBTITLE 3K Microsoft Excel do... — Tue, Feb 19, 1991, 12:30 PM
ié APPENDIX CTITLE 4K Microsoft Excel do.., — Tue, Fab 19, 1991, 12:31 PM
i MER 501 10K Microsolt Excel da... — Thu, Jan 31, 1991, 3:59 PM
E MER 562 10K Microsoft Excel do... — Thu, Jan 31, 1881, 4:00 FM
E MER 504 8K Microsolt Excal do... — Thu, Jan 31, 18H1, 4:02 PM
B MER 505 6K Micrasolt Excel do... — Thu, Jan 31, 1884, 3:57 PM
B MER 506 5K Microsoll Excel do... — Tue, Jan 15, 1991, 8:30 AM
B} MER 509 6K Microsolt Excel do... — Thu, Jan 31, 1891, 4:07 PM
R MERsi0 6K Microsolt Excel do... — Thu, Jan 31, 1891, 4:10 PM
B} MER s21 6K Microsofl Excel do... — Thu, Jan 31, 1991, 4:13 PM
B MER s27 6K Microsoft Excel do... — Thu, Jan 31, 1891, 4:16 PM
'L;g MER 528 7K Microsoft Excel do... — Thu, Jan 31, 1991, 4:19 PM
ij MER 531 17K  Microsoft Excel do... — Thu, Jan 31, 1991, 4:31 PM
ij MER 541 17K  Microsoft Excel do... — Fri, Feb 1, 1981, 7:48 AM
B ™ER 551 6K Microsoft Excel do... — Fri, Feb 1, 1991, 7:56 AM
u MER 552 5K Microsoft Excel do... — Tue, Jan 29, 194, 5:11 PM
.L;_ MER 554 6K Microsoft Excel deo... — Frl, Feb 1, 1991, 7.58 AM
® MER 555 6K Microsofl Excel do... — Frl, Feb 1, 1991, 8:01 AM
E. MER 556 8K Microsoft Excel do... — Fri, Feb 1, 1881, 8:04 AM
~ [[) DATA (tor figures) — {older e Fri, Feb 1, 1991, 10:54 AM
m d B/ MUD &80 3K Cricket! Graph docu... — Wed, Jan 9, 1991, 3:03 PM
ﬁ d JEG/BORON-MO 3K Cricket Graph docu... — Tue, Jan 22, 1891, 4142 PM
B < sawbeso 3K Gricket Graph docu... — Wed, Jan 8, 1891, 2:38 PM
d salt/se 680 3K Cricket Graph docu... — Wed, Jan 9, 1891, 2:18 PM
m d se (or sall, mud 90 2K Crickel Graph docu... — Thu, Jan 10, 1991, 1:18 PM
BB o se/ mud 680 3K Grickel Graph docu... — Wed, Jan 9, 1991, 3:18 PM
m TSW's fine data 1K Crickel Graph docu... — Thu, Jan 31, 1981, 4:54 PM
TSW's Smashing Format 1K Gricket Graph docu... — Wed, Jan 30, 1981, 10:22 AM
~ f::] FAGURES — lolder — Fri, Feb 1, 1991, 10:52 AM
GWD B0 FIG. 3 4K Cricket Graph docu... — Wed, Jan 30, 1991, 11:27 AM
GWD 90 FIG. 4 4K Cricket Graph docu... — Wed, Jan 30, 1991, 11:28 AM
GWD 90 FIG. 5 4K  Cricket Graph docu... « Waed, Jan 30, 1881, 11:15 AM
)] GWD S0 FIG. 6 4K  Crickel Graph docu... — Wed, Jan 30, 1991, 11:16 AM
n GWD 80 FIG, 7 3K Crickel Graph docu.,. — Fri, Feb 1, 1891, 10:27 AM
GWD 80 FIG. B 3aK Cricke! Graph decu... — Fri, Feb 1, 1981, 10:27 AM
GWD 80 FIG. 9 3K Cricket Graph docu... — Fri, Feb 1, 1881, 10:14 AM
4 E:l GWD 90 CAE - [older — Thu, Sep 26, 1991, 9:27 AM
E Dissolved TE, WY 80/ 7. 7 6K Microsoit Excel do... — Thu, Jan 24, 1891, 10:03 AM
ij fig d/ss lander (data) 6K Microsoft Excel do... — Tue, Jan 8, 1801, 2:14 PM
[_;‘_; fig 8 mud slo (data) 6K Microsoft Excel do... — Tue, Jan 8, 1991, 2:26 PM
ié L1IMERS01.WK1 (Excel2} 10K Microsolt Excet do... — Thu, Jan 31, 1981, 3:58 PM
[l L1MERS02.WK1 {Excel2} 10K Microsoft Excel do... - Thu, Jan 31, 1991, 4:00 PM
L1MERS04. WK1 (Excel2} 8K Microsoft Excel do.,, — Thu, Jan 31, 1891, 4:02 PM
L1MERS05. WK1 (Excel2) 6K Microsoft Excel do... — Thu, Jan 31, 1991, 3:57 PM







GWD WY 80 Backup

Name Size Kind Label Last Maodified
IE_L1MEH506.WK1 {Excel2) 5K Micrasolt Excel do... — Tua, Jan 15, 1991, 8:30 AM
LIMER509.WK1 (Excel?) 6K Microsoit Excal do... — Thu, Jan 31, 1991, 4:07 PM
! L1MERS10.WK1 (Excel2) 8K Microsofl Excel do... — Thu, Jan 31, 1991, 4:10 PM
L1MER521.WK1 (Excel2) 6K Microsolt Excel do... — Thu, Jan 3%, 1981, 4:13 PM
L1MERS27.WK1 (Excel2) 8K Microsoft Exeel do... — Thu, Jan 31, 1881, 4:16 FM
L1MER528.WK1 (Excel2} 7K Microsoft Excel do... — Thu, Jan 31, 1881, 4:15 PM
LIMER231.WK1 (Excel2) 17K Microsoft Excel do... — Thu, Jan 31, 1891, 4:31 PM
LIMERS41.WK1 (Excel2) 17K Microsoft Excel do... — Fri, Feb 1, 1991, 7:49 AM
LiIMERS51 WK1 {Excel2) 6K Microsoft Excel do... — Fri, Feb 1, 1991, 7:56 AM
L1MER552 WK1 (Excel2) 5K Mlcrosoft Excel do... — Tue, Jan 29, 1891, 5:11 PM
L1MERS54.WK1 {Excel2) 6K Microsoft Excel do... — Fri, Feb 1, 1991, 7:56 AM
L1MERS55.WK1 (Excel2} 6K Microsoft Excel do... — Frl, Feb 1, 1881, 8:01 AM
B L1MERS56.WK1 (Excel2) 8K Microsofl Excel do... — Fri, Fab 1, 1981, B:04 AM
TABLES — foider — Fri, Feb 1, 1881, 2:18 PM
[l cwpoo Tabled 6K Microsolt Excel do... — Wed, Jan 30, 1991, 8:22 AM
GWD 80 Table 2 12K Microsoft Excel do... — Wed, Jan 23, 1991, 9:15 AM
GWD 90 Table 2 v.2 12K Microseft Excel do... - Fri, Feb 1, 1981, 2:18 PM
GWD 80 Table 3 25K Microsolt Excel do,.. — Tue, Feb 12, 1991, 1:58 PM
GWD 80 Table 4 3K Microsoft Excel do... — Fri, Feb 1, 1991, 12:06 PM
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Table 1. Water Quality Monitoring Sites in the Grassland Area
(adapted from James et al., 1988 and Chilcott et al., 1989).

Map Index RWOCB Site 1.D. Site Name Site Type
I-1 MERS556 Main (Firebaugh) Drain @ Russell Infiow
I-2 " MERS501 Pancche Drain Inflow
I3 MERS552 Agatha Intet (Mercy Springs) Drain Inflow
I-4 MERS506 Agatha Canal Inflow
I-5 MERS07 Helm Canal Inflow
1-6 MERS504 Hamburg Drain Inflow
1-7 MERS505 Camp 13 Slongh Inflow
I-8 MERS502 Charieston Drain Inflow
I-9 ‘MERS555 Almond Drive Drain Inflow

I-10 MERS309 Rice Drain Inflow
I-11 MERS521 Boundary Drain Inflow
I-12 MERS528 Salt Slough Ditch @ Hereford Road Inflow
1-13 MERS13 Garzas Creek @ Hunt Road Inflow
T-1 MERS510 CCID Main @ Russell Avenue Internal Flow
T-2 MERS11 CCID Main @& Almond Drive Internal Flow
T-3 MERS512 CCID Main @ Gun Club Road Internal Flow
T4 MERS540 Santa Fe Canal @ HWY 152 Internal Flow
T-5 MERS519 Santa Fe Canal @ Henry Miller Rd. Internal Flow
T-6 MERS17 Santa Fe Canal @ Gun Club Rd. Internal Flow
T-7 MERS27 San Luis Canal @ HWY 152 Internal Flow
T-8 MERS514 Los Banos Creek @ Gun Club Rd. Intemal Flow
T-9 MERS18 Eagle Ditch Internal Flow
T-10 MERS16 Mud Slough (North) @ Gun Club Rd. Internal Flow
T-11 MERS13 Freemont Canal @ Gun Club Rd. Internal Flow
T-12 MERS553 Gustine Sewage Treatment Plant Ditch Internal Flow
0-1 MERS3S51 Mud Slough (N} @ Newman Gun Club Outflow
0-2 MERS541 Mud Slough (N) @ HWY 140 Outflow
0-3 MERS54 Los Banos Creek @ HWY 140 Outflow
0-4 MERS331 Salt Slough @ Lander Avenue Qutflow
0-5 MERS530 Salt Slongh @ Wolfsen Road Outflow
0-6 MERS543 City Ditch Qutflow
0-7 MER548 Santa Fe Canal-Mud Slough Diversion Qutflow

Bold print indicates that site has data for WY 90

METHODS

The frequency of sample collection for this phase of the monitoring program
varied, but generally grab samples were collected during the first week of each
month and were analyzed for total recoverable selenium, boron, chloride, sulfate,
hardness and electrical conductivity (EC). Because of the continued drought
conditions throughout WY 90, weekly sampling was conducted at outflow sites 0-2
and 0-4 (Table 1). Selected inflow and outfiow monitoring sites were also
sampled for total recoverable copper, chromium, lead, molybdenum, nickel, and
zinc. Water temperature, pH, EC, and sample time were recorded in the field for
each site. A1l samples were collected in polyethylene bottles. A1l the selenium
and trace element sample bottles were washed and acid rinsed in the laboratory
prior to use. ATl sample bottles were rinsed three times with the water to be
samplied prior to sample collection. Selenium and trace element samples were
preserved by lowering the pH to less than 2 using ultra-pure nitric acid fixation
techniques. A1l samples were kept on ice until preservation or submittal to the

Taboratory.
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Table 1. Water Quality Monitoring Sites in the Grassland Area
{adapted from James et al., 1988 and Chilcott et al., 1989)._

Map Index RWQCE Site LD. Site Name Site Type
I-1 MERS5356 Main {Firebaugh) Drain @ Russeil Inflow
I-2 MERS501 Panoche Drain Inflow
I-3 MERS552 Agatha Inlet (Mercy Springs) Drain Inflow
I-4 MERS506 Agatha Canal Inflow
I-53 MERSQ7 Helm Canal Inflow
I-6 MERS504 Hamburg Drain Inflow
I-7 MERS305 Camp 13 Slough Inflow
1-8 MERS502 Charleston Drain Inflow
19 MERS5355 Almond Drive Drain Inflow
I-10 MERS509 Rice Drain Inflow
I-11 MERS521 Boundary Drain Inflow
I-12 MERS528 Salt Slough Ditch @ Hereford Road Inflow
I-13 MERS513 Garzas Creek @ Hunt Road Inflow
T-1 MERS310 CCID Main @ Russell Avenue Internal Flow
T-2 MERS511 CCID Main @ Almond Drive Internal Flow
T-3 MER512 CCID Main @ Gunr Club Road Internal Flow
T4 MERS540 Santa Fe Canal @ HWY 152 Internal Flow
T-5 MERS19 Santa Fe Canal @ Henry Miller Rd. Internal Flow
T-6 MERS517 Santa Fe Canal @ Gun Club Rd. Internal Flow
T-7 MERS527 San Luis Canal @ HWY 152 Internal Flow
T-8 MER514 Los Banos Creek @ Gun Club Rd. Internal Flow
T-9 MERS518 Eagle Diich Internal Flow

T-10 MERS516 Mud Slongh (North} @ Gun Club Rd, Internal Flow
T-11 MERS513 Freemont Canal @ Gun Club Rd. Internal Flow
T-12 MERS53 Gustine Sewage Treatment Plant Ditch Internal Flow
01 MERS551 Mud Slough (N) @ Newman Gun Club Outflow
0-2 MER541 Mud Slough (N) @ HWY 140 Outflow
0-3 MERS554 Los Banos Creek @ HWY 140 Outflow
04 MERS31 Salt Slough @ Lander Avenue Outflow
0-5 MERS530 Salt Slough @ Wolfsen Road Outflow
0-6 MER543 City Ditch Outflow
0-7 MERS548 Santa Fe Canal-Mud Slough Divergion Qutflow

Bold print indicates that site has data for WY 90

METHODS

The frequency of sample collection for this phase of the monitoring program
varied, but generally grab samples were collected during the first week of each
month and were analyzed for total recoverable selenium, boron, chioride, sulfate,
hardness and electrical conductivity (EC). Because of the continued drought
conditions throughout WY 90, weekly sampling was conducted at outflow sites 0-2
and 0-4 (Table 1). Selected inflow and outflow monitoring sites were also
sampled for total recoverable copper, chromium, lead, molybdenum, nickel, and
zinc. Water temperature, pH, EC, and sample time were recorded in the field for
each site. All samples were collected in polyethylene bottles. A1l the selenium
and trace element sample bottles were washed and acid rinsed in the laboratory
prior to use. A1l sample bottles were rinsed three times with the water to be
sampled prior to sample collection. Selenium and trace element sampies were
preserved by lowering the pH to less than 2 using ultra-pure nitric acid fixation
techniques. A1l samples were kept on ice until preservation or submittal to the

taboratory.



